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ABSTRACT

STATUS AND DISTRIBUTION OF FROGS AND TOADS IN SOUTHERN
MICHIGAN: POPULATION TRENDS AND THE INFLUENCE OF HABITAT AND
LANDSCAPE CHARACTERISTICS

By
Kristen S. Genet
Declining amphibian populations in many disturbed and pristine habitats worldwide have
been the source of great concemn and research in amphibian biology and conservation. Research
conducted at multiple spatial scales, life history stages, and over long periods of time (at least 10-
15 years) needs to be conducted and synthesized to fully understand amphibian population
dynamics so that effective mznagemert and conservation strategies can be formulated. I
investigated some of these issues foi 12 species of anurans native to southern Michigan. My
objectives were to: (1) assess the Geeurrence, distnibution, and status of each species using
multiple methods 1o analyze data collected by volunteers in the Michigan Frog and Toad Survey
(MFTS) from 1996 to 2602, (2) evaluaie the quality and consistency of data collected by
observers in the MFTS and assess implications for population trends analyses of volunteer-
collected data, (3) investigate relationships between anuran abundance and distribution and land
cover adiacent to wetland breeding sites and within potential dispersal distances using GIS
analyses, and (4) determine the potential influences of habitat characteristics on growth,
development, and survival of larval Pseudacris crucifer in natural wetlands. Populations of all
Michigan anurans were variable over the seven-year duration of the study, but no major declines
were detected. Seven species did show statistically significant trends in site occupancy or
abundance (assessed by calling intensity of breeding males), but trends were not consistent in
direction across species and were small in magnitude. These trends need to be evaluated over
longer time periods to determine whether they represent significant long-term population trends

or short-term changes related to climatic variation. Volunteer observers in the MFTS were



reliable more than 80 percent of the time in identifying all species of frogs and toads combined
from their species-specific mating calls, but there was considerable variability in assessing
abundance (i.e., assigning of categorical call index values to calling males). Volunteer
background or prior experience in wildlife biology had little influence on data quality. Given
variability among volunteers (and years) in abundance estimation, the poor understanding of
empirical relationships between call index values and true breeding population size, the most
robust analyses of MFTS data are those that usc presence/absence (i.e., detection/non-detection)
data. Food availability, hydroperiod, canopy cover, and predators affected P. crucifer tadpole
development, survival and growth in wetlands in southwestern Michigan. Growth, developmenrit,
and survival were greatest at sites with intermediate hydroperiods, partial canopy cover, and few
(if any) fish predators. Land cover types influenced presence and abundance of anurans at
wetland breeding sites. Land cover types indicating habitat alteration or ioss (e.g., roads, urban)
negatively influenced presence and/or abundance of anurans while iand cover types representing
important foraging and breeding habitats (e.g., open Jand, wetlands) represented positive
influences. Species richness was not correlated with either the amount of adjacent forest cover or
the amount of forest cover in the landscape within 1000 meters of breeding sites. Associations
between anuran presence and abundance at breeding sites and 'and cover adjacent to and within
1000 meters of the breeding sites combined with data from population trends analyses provide
valuable insights that can be used to identify critical habitats for management and conservation of

these species.
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Status and distribution of frogs and toads in southern Michigan:
Population trends and the influence of habitat and landscape characteristics

Introduction

The issue of declining amphibian populations in many locations worldwide has
been the source of both great concern and research over the past two decades. While
declines in some areas have been attributed to relatively unambiguous causes (e.g.,
Johnson 1992, Hayes and Jennings 1986), the situation remains enigmatic in other areas
where habitats remain intact and no obvious sources of disturbance to natural population
dynamics have been identified (e.g., Richards et al. 1993, Lips 1998). Some issues
concerning anuran amphibians in the midwestern United States have been addressed
(e.g., Lannoo 1998), but the factors affecting population dynamics of many species in this
region remain poorly understood.

The hypothesized causes for widespread amphibian declines include habitat
modification, chemical contamination (including acidification), predator introductions,
global climate change, ultraviolet radiation, disease, parasitic infections, or synergistic
interactions among multiple factors (e.g., Blaustein et al. 1994a, Sarkar 1996, Green
1997b, Alford and Richards 1999). The best documented amphibian declines have been
attributed to habitat modification. Habitat loss is unambiguously related to reduced
amphibian abundance and diversity (Johnson 1992, Hecnar and M’Closkey 1996, Hecnar
1997). Alteration of breeding, foraging, and/or overwintering habitats also has drastically
impacted amphibian populations (e.g., Welsh 1990, Delis et al. 1996). Environmental

contaminants and acidification negatively affect amphibian populations. The effects of



acidification have been well documented (e.g. Freda and Dunson 1986, Freda et al.
1991), and environmental contaminants also reduce growth, development, and survival of
anurans (Power et al. 1989). However, the long-term effects of routinely applied non-
point source environmental contaminants (e.g., pesticides) have not yet been determined
(Bishop 1992). Predation plays a very important role in the distribution and abundance
of amphibians at all life history stages (e.g., Alford 1999). Widespread introductions of
predatory game fish into formerly fish-free habitats, as well as the introduction of
bullfrogs outside their native range, have led to dramatic reductions in amphibian
diversity at some sites (e.g., Bradford 1989, Lannoo et al. 1994, Fisher and Shaffer 1996).
Ultraviolet radiation reduces survival of eggs and tadpoles, and has been implicated as a
causal factor in high altitude regions with species that breed in shallow, clear water (e.g.,
Blaustein et al. 1994b, Blaustein et al. 1997, Licht and Grant 1997). Global climate
change has the potential to dramatically impact amphibian populations either through
shifts in phenology and/or breeding site use (Beebee 1995, Gibbs and Breisch 2001) or
interacting with other factors such as disease or a pulse of contaminants (Pounds and
Crump 1994).

Anuran distribution is a function of the morphological and hydrological
characteristics of wetlands, habitat heterogeneity within wetlands, community
interactions, and habitat/breeding site availability and suitability for adults (Smith 1983,
Wilbur 1984). Characteristics of both the local habitat and landscape setting affect the
distribution and abundance of anurans. Landscape patterns are an important influence on
adult distributions while larval communities and juvenile recruitment respond more to

local habitat characteristics (Bunnell and Zampella 1999). The primary factors



structuring tadpole communities are hydrology, predation, and competition (Smith 1983,
Berven 1990, Skelly 1997). Adult communities are structured through a complex suite of
interacting factors including wetland size, isolation, hydrology, substrate characteristics,
and the distribution of suitable aquatic and terrestrial habitats throughout their life history
(Wyman 1988, Laan and Verboom 1990, Skelly et al. 1999). Anuran communities are
influenced by habitat factors that determine success and fitness at the population level
and landscape factors that determine which habitats are suitable (Lehtinen et al. 1999).
Evaluating responses of frogs and toads to habitat and landscape characteristics
during adult and larval stages of their life history should lead to a greater understanding
of relationships between local habitats and landscape variables for current populations
and result in improvements in the ability to project effects of climate and landscape
changes on future populations. As a result, we will be better able to identify, manage,
conserve, and preserve critically important components of natural ecosystems. The
objective of this study was to provide such data for Michigan frog and toad populations.
This study included the use of large-scale amphibian monitoring data from the statewide
Michigan DNR Frog and Toad Survey, implementation of geographic information
systems (GIS) as a tool to investigate patterns of amphibian distribution relative to
potential influential factors (e.g., climate, land cover), and evaluation of larval amphibian

communities in 10 wetlands in southwestern Michigan.

The specific objectives of this study were to:
(1) Assess the occurrence, abundance, distribution and projected status of each of

Michigan’s species of anurans using data collected by volunteers for the Michigan



Frog and Toad Survey (MFTS). This objective was addressed in Chapter One by
evaluating species’ distribution and site occupancy from1996 to 2002, calculating
population trends for each species, and comparing results using the multiple
analytical methods that have been used in other monitoring programs (e.g.,
Mossman et al. 1998).

(2) Evaluate the quality and consistency of data collected by multiple volunteer
observers for the MFTS. This objective was addressed in Chapter Two using data
collected from a mail survey of active MFTS volunteers to evaluate how
volunteer background and experience influenced anuran identification and
abundance estimation. Data quality related to observer differences should be
included as covariates in population level analyses if possible (Sauer et al. 1994,
Kendall et al. 1996).

(3) Investigate relationships between anuran abundance and distribution and land
cover adjacent to and within their potential dispersal distance surrounding wetland
breeding sites using GIS analyses. This objective was addressed in Chapter
Three. Hypotheses tested were that amphibians would be (1) positively
associated with land cover types representing necessary habitat during some
portion of their life cycle (e.g., forest, wetlands) and (2) negatively associated
with land cover types representing habitat loss or alteration (e.g., urban, roads).

(4) Determine potential influences of habitat characteristics on growth, development
and survival of larval Spring Peepers (Pseudacris crucifer) in natural wetlands.

Conditions in the aquatic larval habitats can have a profound influence on tadpole



performance and ultimate metamorphosis (Wilbur and Collins 1973, Alford

1999). This objective was addressed in Chapter Four.



Chapter One
Short-term population trends and status of frogs and toads

in southern Michigan (1996-2002)

Abstract

The Michigan Frog and Toad Survey (MFTS), a volunteer-based amphibian
monitoring program, was established in 1996. Volunteers have since collected data
annually on abundance and distribution of Michigan’s 13 species of anurans. The MFTS
used protocols similar to other states and the North American Amphibian Monitoring
Program, so these results are comparable to other regional surveys. Volunteers surveyed
routes, each consisting of ten sites, after dusk on three dates each spring and recorded the
identity and index of calling intensity of breeding males. Population trends and status of
each species in southern Michigan were assessed using the MFTS data from 1996-2002.
Trend analyses indicated that populations of all species were highly variable through
time. Significant declines were not detected in Michigan. However, there were some
significant but slight trends detected. Rana catesbeiana increased in site occupancy,
while Rana palustris decreased. Mean annual call index increased over the study period
for Rana sylvatica, Pseudacris crucifer, H. versicolor/chrysoscelis, and Rana clamitans,
while Bufo americanus decreased. Rana catesbeiana also increased in route frequency
and abundance, while Hyla versicolor/chrysoscelis decreased. Rana palustris and Acris
crepitans blanchardi were too rare to be evaluated with statistical methods. This study
provides a six-year baseline record that can be used to track future anuran population

trends and identify declines in time to implement appropriate conservation measures.



Introduction

Since the early 1990’s, researchers have recognized that amphibian populations
worldwide have been suffering seemingly inexplicable declines (e.g., Blaustein and
Wake 1990, Pechmann et al. 1991, Alford and Richards 1999). This is disturbing as
amphibians play important roles in many ecosystems. Many of their characteristics render
them good biological indicators of habitat quality, such as complex life cycles, trophic
relationships, permeable skin, use of both terrestrial and aquatic habitats, and sensitivity
to water chemistry during early life history stages (Stebbins and Cohen 1995, Bowers et
al. 1998, U.S. EPA 2002). The hypothesized causes for widespread declines include
habitat modification, environmental contamination (including acidification), predator
introduction, global climate change, ultraviolet radiation, disease, parasitic infections or
synergistic interactions among multiple factors (e.g., Blaustein et al. 1994a, Sarkar 1996,
Green 1997b, Alford and Richards 1999). The primary obstacle for evaluating amphibian
declines is separating effects due to anthropogenic influences from natural population
fluctuations (Pechmann and Wilbur 1994, Travis 1994). To do this, long-term data from
extensive areas are needed (Blaustein et al. 1994a). Regional amphibian monitoring
programs can contribute such information. The values of data from long-term
monitoring programs include identification of distributional changes and the ability to
distinguish regional and long-term trends from local or short-term events not
representative of population level phenomena.

Surveys of calling anurans (hereafter call surveys) at wetland breeding sites are
being used for amphibian monitoring in many states and Canadian provinces (e.g., Huff

1991, Bishop et al. 1997, Lepage et al. 1997, Mossman et al. 1998). These surveys have



potential to provide valuable information about population size and status (Zimmerman
1994, Shirose et al. 1997, Driscoll 1998). Call surveys are an efficient and effective
method of surveying anurans over large geographical regions (Scott and Woodward
1994), and have successfully allowed collection of data on presence and abundance of
frogs and toads in many areas. Call survey protocols are easy for volunteers to learn and
provide the additional benefit of promoting education about wetland ecosystems and
amphibian conservation.

The Wisconsin Department of Natural Resources (WDNR) was the pioneer in
developing protocols for call surveys at breeding sites. The Wisconsin Frog and Toad
Survey (WFTS), initiated in 1981, was the model for many state and national amphibian
monitoring programs (Mossman and Hine 1984, Mossman et al. 1998, Weir and
Mossman, in press). Developed in response to known or suspected declines in some
anuran species, the WFTS was based on the successful North American Breeding Bird
Survey (BBS, Robbins et al 1986, Peterjohn et al 1994). The original WFTS protocols
were subsequently modified and extended to the national level for the North American
Amphibian Monitoring Program (NAAMP) that was established in 1994. NAAMP
developed a unified protocol for volunteer-based call surveys that has been implemented
in 24 states so far (Weir and Mossman, in press).

In 1996, the Michigan Department of Natural Resources (MDNR) established an
annual statewide frog and toad survey that used a network of volunteers to monitor
breeding anuran populations (Sargent 2000). The Michigan Frog and Toad Survey
(MFTS) protocol was based on the successful WFTS. Michigan also contributes data

from several survey routes to NAAMP. The goals of the MFTS are fourfold: (1)



determine abundance and distribution of anurans in Michigan, (2) identify areas of
concern where more intensive research efforts should be allocated, (3) educate local
citizens and raise awareness of anurans and wetlands ecosystems, and (4) promote a
positive relationship between citizens and the MDNR as a result of this volunteer-based
program (Sargent 2000).

Call surveys contribute useful information for amphibian monitoring programs
provided several assumptions are met and/or acknowledged (Link and Sauer 1997).
These assumptions include: (1) call index values accurately represent numbers of
breeding males, (2) breeding (calling) males accurately reflect population size of that
species (i.e., sex ratio approximately equal or proportion of males and females in the
population is stable), (3) proportion of calling males heard and estimated remains
constant over time, (4) observers are reliable, and (5) patterns of change in call index
values generally track patterns of change in actual population sizes. Shirose et al. {1997)
demonstrated that call counts of some species of anurans are linearly related to chorus
size. Thus, methods that base call index values on estimates of numbers of breeding
males should provide meaningful approximations of abundance. Quality of MFTS
observers was addressed in Genet and Sargent (2003, see also Chapter Two).

Michigan is home to 13 species of frogs and toads (see Harding 1997, Conant and
Collins 1998). These species breed according to a predictable phenology beginning in
early spring and extending into summer (Figure 1.1). One species, Blanchard’s cricket
frog (Acris crepitans blanchardi) is a species of special concern in Michigan, and has
been suffering recent distributional and population declines (Lee 1998, Lehtinen 2001).

Other than anecdotal reports, not much is known about the status and population trends of



other species. Data from the MFTS are intended to identify species or areas of concern in
need of further research and/or conservation efforts.

The MFTS currently has data for hundreds of survey routes (approximately 350
routes statewide) collected from 1996 through 2002. I investigated patterns of abundance
and distribution for Michigan’s anurans in the area where survey routes were most
heavily clustered, the southern lower peninsula. Specifically, my objectives were to use
the MFTS data over the time period of 1996-2002 to assess: (1) distribution of each
species and changes in site occupancy over time, (2) population trends for each species,
(3) effectiveness of muliiple analytical techniques implemented by other amphibian
monitoring programs (¢.g., Mossman et al. 1998), and (4) effectiveness and contributions

of the MFTS to long-term amphibian monitoring programs.

Materials and Methods
Michigan Frog and Toad Survey

The Natural Heritage Program in the Wildlife Division of MDNR established
survey routes and recruited volunteers for the MFTS beginning prior to the anuran
breeding season in 1996. Data are collected annually by volunteers; there are currently
seven years of data available for approximately 350 frog and toad survey routes
throughout Michigan. The routes are most heavily clustered in southern Michigan
(Figure 1.2). Detailed protocols for the MFTS (Sargent 2000) are summarized below.
Volunteers establish routes by submitting a map and descriptions of a series of 12
potential survey sites identified outside the anuran breeding season (i.e., without

consideration of habitat suitability or frog presence). Volunteers classify sites along
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survey routes into one of six wetland type categories: (1) vernal pond, (2) wet meadow,
(3) bog or fen, (4) marsh, (5) wooded swamp, (6) pond (Table 1.1, Sargent 2000). The
state coordinator evaluates route location and suitability of each site along the route and
mails data sheets and instructions to volunteers. Each accepted route consists of 10
wetland sites separated by at least 400 m, so that origin of calls can be unambiguously
determined for each site.

The volunteers survey routes three times each spring and record the identity of
each species and an index of calling intensity. The three suggested survey periods are
early spring, mid to late spring, and summer, when minimum air temperatures are
approximately 7°, 13°, and 18° C, respectively. Michigan anurans breed according to a
predictable phenology that is largely dependent on weather conditions (Figure 1.1), and
the three survey periods encompass significant breeding effort by each species.
Volunteers conduct surveys beginning one-half hour after sunset and finishing before
midnight under favorable conditions of appropriate temperatures and little or no wind.
They wait at each site for 3-5 minutes before recording data to allow frogs to acclimate to
their presence, and then listen for an additional 5 minutes to identify all calls and assess
their intensity. Intensity of calling males is rated O through 3, with 0 = no individuals
calling, 1 = few individuals with non-overlapping calls (1-5 individuals), 2 =
distinguishable individual calls that overlap (6-12 individuals), and 3 = full chorus with
indistinguishable individual calls (>13 individuals).

After the three survey runs have been completed, volunteers return data sheets to
the MFTS state coordinator by 15 August each year. Verification in the form of

recordings or photos is encouraged for rare species or reports from outside a species’
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documented range. Documentation is especially needed for A. c. blanchardi, and strongly
recommended for Hyla chrysoscelis and Rana palustris.
Climatological Variables

Temperature and precipitation data were obtained from the state climatologist in
the Geography Department at Michigan State University for 61 weather stations
(contained within three climate divisions) distributed throughout southern Michigan
(Figure 1.3). These data included daily average temperatures and precipitation for each
station for 1996-2002. Daily data were condensed into monthly mean values
corresponding to the anuran breeding season (February — July). Cumulative winter
precipitation (rain and snowfall, Nov — Mar), which influences spring wetland
inundation, was also determined for each climate station. These variables were
statistically evaluated to determine differences among years, and examined for
correlations with MFTS data using Spearman rank correlation analyses (Zar 1998).
Correlations between climate variables and anuran abundance were determined for those
months of spring wetland inundation and during the breeding season of each species
(Figure 1.1). MFTS routes were matched to their nearest climate station using a GIS
overlay of Figures 1.2 and 1.3. Route data were omitted from these analyses if no
climate station data were avai'able within the nearest county. Climate station data were
omitted if more than 10% of days within a month (i.e., 3 days) were missing for the
cumulative variables (monthly precipitation, total winter snowfall) or more than 25% of

days (i.e., 8 days) were missing in a month for mean daily temperature.

12



Data Analyses

To be included in statistical analyses, each route needed to satisfy the following
criteria: (1) all three survey runs were completed within a single year, and (2) routes were
surveyed at appropriate times according to anuran breeding phenology. Data were
condensed by determining the maximum calling index for each species for each site (i.e.,
merged data from all three survey runs for each year), and combining the two gray
treefrog species (Hyla versicolor and H. chrysocelis). The calls of these two
morphologically identical species are difficult to distinguish, and temperature can affect
the pulse rate and duration of their calls, making them very difficult to identify in single
species choruses (Harding 1997). Verification for Hyla chrysoscelis (in the form of
recording or expert opinion) became a requirement for the MFTS in 1998, but prior to
that the identities of the two treefrog species were not formally determined. Therefore,
some records for H. chrysoscelis prior to 1998 may represent H. versicolor and vice
versa. All data were graphically assessed for normality using box and normality plots
prior to statistical analyses. Sample size was not equivalent in all wetland types or years
(Table 1.2). As a result of this and some variables not satisfying assumptions of
normality, both parametric and nonparametric analyses of variance were used in addition
to linear regression.

Patterns of species richness in different wetland types in each year were evaluated
with parametric and nonparametric analyses of variance (ANOV A and Kruskal-Wallis
tests). Following these analyses, post hoc tests were utilized for pairwise comparisons;

Bonferroni corrections were applied to all pairwise tests (Miller 1981). Trends of number

13



of species in each wetland type over the seven years of this study were also evaluated
with linear regression.

Several methods were utilized to analyze population trends. In analyses of
WFTS data, Mossman et al. (1998) used techniques modified from trend analyses for
BBS data (e.g., Geissler and Sauer 1990, Link and Sauer 1994). Four techniques were
used to evaluate trends from the MFTS data: (1) site occupancy, (2) route frequency
regression, (3) route index regression, and (4) adjusted route index regression. Site
occupancy was determined by calculating the proportion of sites within each species’
range (Harding 1997, Conant and Collins 1998) occupied in each year. The total number
of sites where a species was present was summed and expressed as a proportion of the
total number of sites surveyed each year. These annual proportions were arcsine
transformed (Zar 1998) and regressed on year.

The other three route regression methods (frequency, index, and adjusted index)
were similar to one another in that dependent variables were regressed on year, trends
were determined for each route, and then averaged for all routes (Link and Sauer 1994,
Mossman et al. 1998). Only routes where volunteers had submitted complete data for all
10 sites each year and that had been surveyed for at least three years were used in route
regression analyses. Slopes for all route trends were statistically compared to zero with ¢-
tests. The number of sites along each route where a species was present was summed for
route frequency regression (range 0-10). The call index values were summed for all sites
along a route for route index regression (range 0-30). For adjusted route index
regression, a number was arbitrarily assigned to the call index that may better

approximate the number of individuals present at each site (1 = 3 individuals, 2 =9
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individuals, 3 = 25 individuals). Mossman et al. (1998) arbitrarily assigned 3, 25, and 50
individuals for call index values 1, 2, and 3, respectively. However, given the
instructions provided to volunteers, my approximations probably more accurately reflect
relative abundance of calling males at a breeding site. The first two values represented
midpoints of the range of numbers of individuals given as guidelines in survey protocols
for call index values 1 and 2, and the third value represented the approximate number of
individuals above which enumeration was not practical. These adjusted index values
were then summed for all sites along a route (range 0 — 250). Data were log(x + 0.5)
transformed before statistical analysis (Geissler and Sauer 1990, Zar 1998). Trends were
determined and averaged across all routes for each species in southern Michigan and
reported as slopes from regression analyses with associated 95% confidence intervals.
Data from routes that were surveyed by the same observers for all seven years

were used for repeated measures analysis (von Ende 1993). This technique was used to
evaluate changes in abundance and site occupancy along routes sampled repeatedly from
1996-2002. Only routes that were completely surveyed (i.e., all 10 sites each year, all
three runs in each year, appropriate sampling dates, all seven years by same observers)
were kept for repeated measures analyses, as the same variables calculated for route
regressions were used (route frequency, route index, and adjusted route index). A total of
20 routes was included in the repeated measures analyses for all species except Bufo
Jfowleri, for which 12 routes were within its range. Univariate repeated measures analysis
was used, as it is generally considered more powerful than multivariate methods, and the
degrees of freedom for the F-test were adjusted to accommodate for time as the within-

subject factor (von Ende 1993). Statistical analyses were performed using SYSTAT
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(version 8.0; SPSS, Inc. 1998). Unless otherwise reported, P < 0.05 is considered

statistically significant.

Results

During the first seven years of the MFTS, volunteers submitted data in at least
one year, yielding a total of 269 routes in southern lower Michigan. With the exception
of 1997, new routes were initiated each year, although the majority of routes was
established in 1996 (Figure 1.4). Thirty-three percent of routes were surveyed for only
one year, and > 60% of routes were surveyed for three or more years (Figure 1.5).
Volunteers submitted data for all seven years for 61 routes (22.7% of total). Complete
data for all 10 sites and three runs in each year for each route were submitted for 20 of
those 61 routes.

Climatological Variables

Monthly means of air temperature and precipitation during each month of the
anuran breeding season differed significantly among years during the time period 1996-
2002 (Figure 1.6). April 1997 and 1999 were particularly dry, as were February 1997
and 2001 and March 1998 (P < 0.001). There was low precipitation in May 1998 and
1999, and in June 1998 and 2002. High precipitation occurred in May 2000 and 2001 and
July 2000 (P < 0.005). The lower precipitation during May 1998 and 1999 (F = 27.106, P
<0.001, df = 6) corresponded to the peak breeding period for many Michigan anurans.
During 1996, February and March temperatures were significantly lower than

temperatures in these months in all other years (P < 0.001). Significantly higher low,
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high, and daily mean temperatures occurred in February compared with February
temperatures in all other years (P < 0.001).
Patterns of Species Richness

There were no consistent patterns of species richness among wetland types (Table
1.3), although vernal ponds had significantly fewer species than some other wetland types
in 1998, 1999, and 2002 (Figure 1.7). The mean number of species in each wetland type
also varied from 1996 through 2002 (Figure 1.8). Although there were significant
differences in species richness within a given wetland type among years (Figure 1.8), no
significant linear trend in mean number of species present over the seven years was
detected for any wetland type (Table 1.4). All wetland types had the fewest species
present during one or more years between 1998-2000. Linear trends did not fit the data
well for any wetland type, explaining less than 1% of the variance in mean number of
species over seven years (Table 1.4).

Site Occupancy and Calling Intensity

Bufo fowleri, Rana palustris, and Acris crepitans blanchardi were the least
common species in southern Michigan, occurring at fewer than 4% of survey sites in their
respective ranges (Table 1.5). Conversely, Pseudacris crucifer and Hyla
chrysoscelis/versicolor were the most common species, occurring at more than 67% of
sites (Table 1.5). Rana sylvatica, Pseudacris triseriata, Bufo americanus, and Rana
clamitans were common, occurring at 30-60% of the survey sites (Table 1.5). Rana
pipiens and Rana catesbeiana were less common, occurring at less than 20% of survey

sites (Table 1.5). While most species fluctuated with no consistent trend in site
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occupancy over the seven year period, R. palustris declined significantly and R.
catesbeiana increased significantly (Figure 1.9, Table 1.6).

Mean call index values varied among years for most species (Figure 1.9).
Pseudacris crucifer and H. chrysoscelis/versicolor called at the highest abundance, with
mean annual call index values > 2. Mean annual call index values of the remainder of
species were either much more variable (e.g., B. fowleri, A. c. blanchardi) or less than 2.
Although five species showed significant linear trends in call index values over time (R.
sylvatica, P. crucifer, B. americanus, H. versicolor/chrysoscelis, and R. clamitans), these
trends were not universal in direction nor did they explain much variability in the data (<
17%) (Table 1.7, Figure 1.9). Bufo americanus showed a trend of decreasing calling
intensity, while the other four species increased in calling intensity over the same time
period (Figure 1.9).

Site occupancy and calling intensity were significantly correlated with cumulative
precipitation during the breeding season for R. pipiens (Table 1.8). Acris crepitans
blanchardi call index values were marginally correlated with cumulative breeding season
precipitation (P < 0.10, Table 1.8). The proportion of sites occupied by Acris crepitans
blanchardi was also marginally correlated with cumulative winter precipitation (P <0.10,
Table 1.8). Neither site occupancy nor calling intensity was correlated with cumulative
precipitation for any other species. Total annual snowfall (Nov — Mar) was significantly
correlated with anuran route variables for P. crucifer, H versicolor/chrysoscelis, A. c.
blanchardi, R. clamitans, and R. catesbeiana (Table 1.9). Significant correlations
between cumulative monthly precipitation and all anuran abundance route variables were

present for R. palustris, and R. clamitans in February, R. sylvatica in March, R. clamitans
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in April, and R. clamitans in July (Table 1.10). Significant correlations between mean
monthly temperature and all anuran abundance route variables were present for R.
sylvatica in February and March, P. triseriata in April, and B. americanus and H.
versicolor/chrysosclelis in May (Table 1.11). Other species’ individual route variables
were also correlated with monthly precipitation or temperature, but were not consistent
across all three route variables (Table 1.10-11).
Route Regression Analyses

Trends evaluated with the three route regression methods were similar, with most
species showing no significant directional changes in presence and abundance over time
(Tables 1.12 — 14). The two exceptions were Hyla versicolor/chrysoscelis and Rana
catesbeiana. Hyla versicolor/chrysoscelis showed a slight but significant negative trend
for all route regression dependent variables (Tables 1.12 — 14). Rana catesbeiana showed
a slight but significant positive trend for all three route regression methods (Tables 1.12 —
14). The magnitude of the trend was small for both species, and the mean proportion of
variance accounted for by time was also relatively small (< 40% and < 30% variance
accounted for by all three route regression analyses for H. versicolor/ chrysoscelis and R.
catesbeiana, respectively).

Repeated Measures Analyses

Rana palustris and Acris crepitans blanchardi were not reported in sufficient
numbers along the 20 routes included in the repeated measures analyses, and were
omitted from these analyses. Five species showed significant trends over time using
route frequency, compared to three species for route index, and two species for the

adjusted route index regression (Table 1.15). The two species with consistent significant
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trends for all three dependent variables were Rana sylvatica and Rana clamitans (Table
1.15). Rana sylvatica showed a significant 2™ order (quadratic) polynomial trend over
the seven year period for route frequency, and 5™ order (quintic) trend for route index and
adjusted route index (Table 1.15); quadratic trends were marginally significant for this
species for route index and route adjusted index (P = 0.053 and P = 0.070, respectively).
Rana clamitans showed a significant 5" order trend for route frequency (linear trend
marginally significant, P = 0.083); route index and adjusted route index showed linear
trends (Table 1.15). Other species that showed significant trends over time included
Pseudacris crucifer, Hyla versicolor/chrysoscelis, and Rana catesbeiana (Table 1.15).
These three species were all characterized by either linear or quadratic trends for both

route frequency and route index (Table 1.15).

Discussion

Volunteer-based anuran call surveys have the potential to provide long-term data
on anuran distribution and abundance over broad geographical scales. Amphibian
populations, however, can fluctuate dramatically under natural circumstances (i <.,
Semlitsch et al. 1996), and the challenge is to identify trends in amphibian population
dynamics that are potentially human-induced outside the range of natural variability
(Pechmann et al. 1991, Pechmann and Wilbur 1994).

The mean number of species among different wetland types and within a single
wetland type fluctuated over the duration of the study, but showed no consistent trends.
Temperature and precipitation played roles in anuran presence and abundance at breeding

sites, as has been well documented (e.g., Duellman and Trueb 1986, Stebbins and Cohen
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1995). Total annual snowfall was most strongly correlated with Pseudacris crucifer
occurrence and abundance, an early spring breeder. Snowfall was also significantly
correlated with the three species that breed primarily in permanent ponds, A. c.
blanchardi, R. clamitans, and R. catesbeiana, perhaps indicating the importance of
seasonal recharge of these ponds via either meltwater or groundwater inputs. Most of the
species showed significant correlations with temperature and/or precipitation during the
months of peak breeding activity. Surprisingly, R. sylvatica occurrence and abundance
was negatively correlated with both temperature and precipitation during its breeding
season. This is an explosively breeding species that may be often overlooked in call
surveys (Crouch and Paton 2002), and unless the spring thaw is abnormally delayed,
volunteers may often miss their peak breeding effort before conducting the first survey
run.
Species Accounts

Rana sylvatica is typically one of the first species to emerge and breed each
spring, usually concurrently with or following the onset of Pseudacris triseriata and P.
crucifer calling (Figure 1.1). The unpredictability of suitable weather conditions,
combined with its explosive breeding strategy (Berven 1990, Harding 1997) and
tendency to call only when air temperatures exceed 9°C (i.e., during warm afternoons,
Crouch 1999), make this species a challenge for observers to sample adequately in night
call survey monitoring programs. Rana sylvatica was only reported from 23-41% of sites
surveyed over the seven years of the study period. This may reflect low detection rates
rather than real trends in distribution. To account for relatively low detection rates and

temporal variability in calling behavior, NAAMP suggested adding an additional
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sampling period to target this species (Weir and Mossman, in press). The MFTS
recommends that volunteers either conduct the first sampling period in conjunction with
R. sylvatica breeding activity or conduct an extra, separate sampling period during warm
afternoons in early spring specifically to target this explosively breeding species (L. G.
Sargent, pers. comm.).

Rana sylvatica has a broad distributional range that extends farther north than any
other North American amphibian species, and is considered common in suitable habitat
virtually throughout its range (Harding 1997, Conant and Collins 1998). In this study, R.
sylvatica typically called at intermediate calling intensities (mean annual calling index
varied between 1.5 -- 2), and showed a significant linear trend of increasing calling
intensity over the study period. Route regression analyses using all routes did not show
significant trends for wood frog populations. Repeated measures analyses, however,
indicated significant population trends over time, although the higher order polynomial
trends were difficult to interpret. These analyses suggest that R. sylvatica populations are
variable, but provide no evidence that there are population declines in Michigan. This
species is considered to be common and under no declines in the Great Lakes region
(Pentecost and Vogt 1976, Weller and Green 1997, Casper 1998, Moriarty 1998). The
WFTS data indicated a significant trend of population increase for this species, which is
at least partially due to observers improving their survey techniques over time (Mossman
et al. 1998). The MFTS data are consistent with these patterns observed in the WFTS.

Pseudacris triseriata was heard calling in 49-54% of sites surveyed each year of
the study period and appears to have a stable, if not slightly increasing, pattern of site

occupancy. This species consistently called at intermediate calling intensities (mean
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annual call index between 1.5 — 2). Over the duration of the study period, P. triseriata
populations fluctuated, but there was no indication of declines. The lower frequency and
acoustical carrying capacity of this species’ call make it difficult to detect at sites where it
is calling in a mixed chorus with more boisterous species (i.e., Pseudacris crucifer, see
Chapter Two). Compared to other species, Varhegyi et al. (1998) found that the call of
P. triseriata attenuated the most rapidly with distance, perhaps affecting its detectability
from roadside listening sites. Pseudacris triseriata also frequently calls during daylight
hours (Harding 1997). If their calling activity is reduced at night, this species may also
be missed more frequently with nighttime call surveys. Perhaps in addition to R.
sylvatica, P. triseriata could also be targeted with an earlier survey run before sunset.

My results are congruent with results for populations of P. triseriata in nearby
states. There have been no reports of declines on a statewide basis for any nearby state
(Pentecost and Vogt 1976, Brodman and Kilmurry 1998, Casper 1998, Mierzwa 1998,
Moriarty 1998). However, the WFTS suggested that P. triseriata may be declining in
some regions (Mossman et al. 1998). Others have also noted population declines for this
species, especially in areas where habitat has been lost or altered (Daigle 1997, Weller
and Green 1997, Harding 1997). Pseudacris triseriata is highly dependent on open
marshes as well as wooded swamps, and is strongly influenced by climatological
variables that determine both the timing of breeding events and suitability of habitat (i.e.,
meltwater and spring rains that fill wetlands) (Harding 1997); therefore any changes to
their habitat could be translated to population level impacts.

Pseudacris crucifer is the most widespread and abundant anuran in southern

Michigan, occurring at 79-89% of all sites surveyed, and calling at or above a mean
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annual calling index of 2.5. Based on these data, there is no indication that this species is
suffering any population declines in southern Michigan. Similarly, throughout its range,
this species is widespread and abundant (Harding 1997, Weller and Green 1997).
However, significant but small declines have been noted in Wisconsin for P. crucifer
despite a frequency of occurrence greater than all other species (Mossman et al. 1998).
Pseudacris crucifer populations are well suited to monitoring with call surveys because
of their high detection rates and consistent calling behavior (Mossman et al. 1998,
Crouch 1999).

Rana pipiens was found at 11-17% of survey sites over the study period. This
species typically calls at lower intensities or in smaller choruses than some other species
(mean annual call index 1 — 1.5). The relative rarity of this species and the paucity of
records for full choruses in call surveys could be due to the low volume of its call
(Bishop et al. 1997) and/or could reflect decreasing distribution and abundance. Rana
pipiens was generally very abundant in the Great Lakes region until the 1960s (Pentecost
and Vogt 1976), and populations have since declined in many areas (Hine et al. 1981,
Vogt 1981, Moriarty 1998, Mossman et al. 1998). Although R. pipiens can be locally
abundant in open marshes (e.g., Harding 1997, Mierzwa 1998), several factors have
contributed to declines in distribution and abundance throughout its range including
drainage and conversion of wetlands for agriculture or aquaculture, exposure to
pesticides, collection for the biological supply trade and bait, and introduction of
bullfrogs in the western parts of its range (Lannoo et al. 1994).

Rana palustris has many similarities to R. pipiens, including similar calls and

timing of breeding events; however, these species do not typically breed in the same
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habitats. In southemn Michigan, R. palustris is poorly detected in call surveys, occurring
at 1-3% of survey sites. Its breeding call is low and subtle, and it was not frequently
heard calling above a call index value of 1. The low level of site occupancy of R.
palustris precluded evaluation of population trends over time with repeated measures
analysis. Rana palustris is generally uncommon, perhaps as a result of its preference for
cool, clear waters and intolerance to pollution (Harding 1997). The limited data for R.
palustris make evaluation of population trends difficult, although it did show a significant
decrease in site occupancy over the study period (Figure 1.9, Table 1.6). The MFTS data
suggest that this species is either rare, undersampled and/or confused with the similar
looking and sounding R. pipiens (Genet and Sargent, 2003; see Chapter Two), but is
persisting in suitable wetlands.

Bufo fowleri reaches the edge of its range in Michigan and is limited to the
western und southern parts of the lower peninsula (Harding 1997). This specics is either
very rarc o1 not detectcd well by the MFTS, as it was present at only 1-4% of all sites
within its range over the study period. Presence at survey sites and mean annual call
index values fluctuated over the study period, but did not show significant trends.
Although 3. fowleri is at the edge of its range in the Great Lakes region, others have
reported that it is relatively widespread and locally abundant (Harding 1997, Brodman
and Kilmurry 1998). Detailed investigations of demographic and life history
characteristics of this species have provided information on population status in certain
regions (e.g., Breden 1988, Green 1997a). Green (1997a) found that age structure and
sex ratio of this species are unstable in Ontario populations, and call surveys are not

likely to accurately reflect population size if only chorusing males are sampled. Similar
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detailed studies in Michigan would be of value to monitoring and conservation of B.
fowleri.

Bufo americanus is common in southern Michigan, occurring at 34-42% of sites
during the study period. This species typically called at intermediate abundances (mean
annual call index 1.5 — 2). The prolonged trill of B. americanus makes it difficult to
compare its call index values to other species with shorter calls (e.g., P. crucifer, Rana
clamitans). The mean annual call index of B. americanus declined significantly over the
study period, although little variance was explained by this relationship. No other
significant changes in abundance or distribution (i.e., frequency of detection) were
detected over the past seven years. This species is generally common throughout the
Great Lakes region, but has experienced local population declines in some regions
(Harding 1997). A review of the status of B. americanus in nearby states indicated that
populations are stable, common and widespread, and that populations survive in altered
habitats and during drought years (Brodman and Kilmurry 1993, Hemesath 1998,
Mierzwa 1998, Moriarty 1998, Mossman et al. 1998).

Hyla versicolor/chrysoscelis is one of the most abundant and frequently
encountered anurans in southern Michigan, occurring at 68-80% sites and frequently
calling in small to large choruses (mean annual call index >2). This species showed a
significant increase in calling intensity over the past seven years, although this
relationship accounted for little variance in the data. This species also showed
significantly decreasing population trends in all three route regression methods, as well as
a significant polynomial trend in the repeated measures analyses. Although their calling

intensity increased slightly over the duration of the study, route regression analyses
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indicated negative trends for all three dependent variables. This may indicate that there
are more individuals calling from fewer sites. Another potential problem is that the data
represent two treefrog species. These two morphologically identical species have similar
calls that are influenced by temperature and difficult to distinguish (Gerhardt et al. 1994,
Bertram and Berrill 1997). In southern lower Michigan, Hyla versicolor is more
common than H. chrysoscelis (Harding 1997). This is also the case in Wisconsin
(Mossman et al. 1998). Hyla versicolor and H. chrysoscelis appear to have stable
populations and are common, and widespread (Weller and Green 1997, Brodman and
Kilmurry 1998, Mossman et al. 1998).

Acris crepitans blanchardi is classified as a species of special concern by MDNR.
Many populations have vanished from historical locations, although some isolated sites
appear to have healthy populations in southern Michigan (Lee 1998, Lehtinen 2001). In
southern Michigan, A. c. blanchardi was very rare, occurring at 0.3-3.2% of sites, and
calling at variable intensitics over the past seven years. The low frequency of occurrence
preciuded evaluation of population trends with repeated measures analyses. Route
regression analyses did not indicate any significant declines. This species suffered
drastic declines in norther portions of its range during the late 1970s aml 1980s, and
many previously healthy populations are now either greatly reduced or extirpated in the
Great Lakes region (Harding 1997, Hay 1998, Mierzwa 1998). This is the only anuran
with protected status in Michigan. Additional studies at specific sites should be
conducted periodically to assess population viability, as the MFTS is unlikely to
document significant population trends (other than extirpations) as a result of low

frequency of occurrence in wetlands throughout the region.
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Rana clamitans is a common and widespread species in southern Michigan,
consistently occurring at 54-68% of sites surveyed, but calling at relatively low
intensities (mean annual call index < 1.5). Although route regression methods did not
indicate a significant population trend, repeated measures analyses indicated significant
trends, usually in an upward direction. Although R. clamitans usually called in small
numbers, their short distinct calls make it unlikely that they will be heard in full choruses
of indistinguishable individuals even though many individuals may be actively calling
from a breeding pond. Harding (1997) reported that R. clamitans is one of the most
conspicuous and abundant anurans in the Great Lakes region, and others have also noted
its abundance and ubiquity (Weller and Green 1997, Brodman and Kilmurry 1998,
Mierzwa 1998, Mossman et al. 1998). The high frequency of occurrence of this species,
coupled with its consistent calling pattern, make it well suited to population monitoring
using call surveys (Crouch 1999).

Rana catesbeiana is the largest and longest-lived anuran in North America
(Conant and Collins 1998). This species is relatively uncommon in southern Michigan,
occurring at 14-20% of survey sites and calling at low intensities (mean annual call index
<1.5). Despite its relatively low frequency of occurrence, R. catesbeiana showed
significant population trends including increasing site occupancy and increasing trends
for all route regression analyses. This species is native to eastern North America, but has
been widely introduced to western regions, often with drastic consequences for native
amphibian populations (e.g., Hayes and Jennings 1986, Fisher and Shaffer 1996).
Generally, R. catesbeiana is either widespread (e.g., Mierzwa 1998) or irregularly

distributed (e.g., Mossman et al. 1998). No evidence of significant declines of this species
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within its native range has been reported. Rana catesbeiana requires permanent water
bodies as breeding ponds, as tadpoles overwinter and typically do not metamorphose
until their second or third summer (Harding 1997). Perhaps the increasing trends noted
for this species in southern Michigan reflects a change in the distribution of permanent
waters in the region (Dahl 2000); a landscape level analysis of habitat change over the
past decade would contribute to understanding these patterns.
Analyzing Population Trends from Call Surveys

Protocols and data analysis methods for amphibian call surveys have largely been
adapted from BBS methodology (e.g., Geissler and Sauer 1990, Mossman et al. 1998).
Even though anuran call surveys have been widely implemented in the U.S.A. and
Canada, few programs have accumulated data long enough for meaningful analyses of
population trends. Shirose and Brooks (1997) suggested that populations should be
monitored for a minimum of the generation time of the longest-lived species surveyed.
In Michigan, the longest lived species is R. catesbeiana, which lives at least 7-8 years in
the wild (Zug 2001); its lifespan is potentially much longer, based on captive animals
(Staniszewski 1995, Harding 1997). Optimally, species should be monitored over
multiple generation times since they typically show lags between environmental impact
and population level response (Shirose and Brooks 1997). Wisconsin is the only state
that has accumulated call survey data over long enough time intervals to allow rigorous
analyses (Mossman et al. 1998). I used the methods of Mossman et al. (1998) to
facilitate comparisons of population trends in Michigan with trends for Wisconsin.

Several methods to analyze population trends from count data could potentially be

modified to accommodate call index data, such as route regression and rank trends
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analyses (Thomas and Martin 1996), but consensus on the most accurate or reliable
method is lacking. Thomas and Martin (1996) found that three common methods for
analyzing population trends in BBS data generally produced similar results, but the
number of significant declines in bird populations differed depending on the method
used. They suggested that additional research on population trends analysis methods was
warranted, as the ability to detect significant population declines and prioritize species for
conservation efforts depend strongly on the method used.

The route regression analyses used here and in Mossman et al. (1998) are based
on standard route regression methods for BBS data (Geissler and Sauer 1990). They
involved evaluating trends over time for each route and averaging those trends for each
region of interest. Three dependent variables were calculated (route frequency, route
index, and adjusted route index), representing presence/absence (i.e., detection/
nondetection) and abundance data. Using a number of techniques to evaluate population
trends appears prudent, as results can be compared among methods and redundancies
used to select the most appropriate and useful methods. When significant trends are
detected by multiple methods, confidence in the results also increases. Mossman et al.
(1998) found route frequency regression to be the most useful technique because it
accounted for differences in sampling intensity among regions and allowed analyses of
routes not run every year. In my analyses, the three route regression analyses produced
similar results, as did analyses of the proportion of sites occupied over time. The
direction of each species’ trend was the same for all route regression methods, except for
Rana sylvatica. However, the only significant trends noted were a slightly decreasing

trend for Hyla versicolor/chrysoscelis and a slightly increasing trend for R. catesbeiana.
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Call index values were difficult to interpret, since adjusted route index regression
involved arbitrary approximation of number of breeding males in a chorus. The call
characteristics of each species influence perceived abundance and assignment of call
index categories. In effect, it takes fewer individuals with a prolonged call such as Bufo
americanus to be perceived at higher call index values of 2 or 3 than a species with a
shorter call such as Rana clamitans. Sargent (2000) provided a numerical guide for call
index values in addition to the subjective determination of the degree of overlap and
distinction of individual calls as a means of making assignment of index values more
uniform among volunteers (see Methods section). Even so, the relationship between the
calling index and actual numbers of breeding males needs to be evaluated for each
species before call index data can be reliably used to track changes in abundance.
Researchers and managers generally agree that detection/nondetection data are the most
valuable contributions of call surveys at the current time (Bishop et al. 1997, Bonin et al.
1997, Green 1997a, Lepage et al. 1997, Mossman et al. 1998, Weir and Mossman, in
press). Volunteers should continue to record call index values so that these data can be
used to evaluate changes in abundance once empirical relationships are developed (Weir
and Mossman, in press).

Repeated measures analyses of variance (i.e., von Ende 1993) are widely used and
provide a statistically rigorous means to evaluate changes at sites repeatedly sampled
over time. This method allows evaluation of polynomial trends. Polynomial trends such
as those seen in this study for R. sylvatica and R. clamitans are difficult to interpret and
may be of little use or biological significance. Lower order trends were marginally

significant (P < 0.10) for these species. If such trends are biologically meaningful, results
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could still be useful in planning for conservation and management of these species and
should be reported. Repeated measures analyses are most useful when all sites have been
surveyed for long periods of time. MFTS volunteers join and/or drop out of the surveys,
so the number of sites included only represent a very small fraction of the total that can
be used in other population trends analysis techniques. In this study, data from only 20
routes could be used in repeated measures analysis (12 routes for B. fowleri). The low
sample size limits the power to detect significant trends, and the trends detected by
repeated measures but not by other procedures (i.e., route regression) could be an artifact
of this low sample size.

I agree with the suggestion of Mossman et al. (1998) to continue evaiuation of
multiple analytical techniques to evaluate trends in anuran call survey data. The MFTS is
still a relatively young monitoring program. Although it is currently in its eighth year and
has achieved the duration recommended by Shirose and Brooks (1997), the value of data
for the identification of population trends increases over longer time scales. Perhaps ten
years is a more realistic minimum for meaningful population trends analyses. Call
surveys provide valuable information, but the data must be analyzed and interpreted
within the limitations of the survey methodology. These limitations include data
reliability, interobserver variation, dependence on volunteers for long-term data,
subjective selection of survey routes, and poor understanding of how call index values are
related to actual population size.

Management and Conservation Implications
Prior to the establishment of the MFTS, reports of anuran status, abundance, and

distribution in Michigan were largely anecdotal or unknown. Trend analyses of the first
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seven years of data on the abundance and distribution of 13 species of anurans indicated
that populations of all species fluctuated between years, but no significant declines were
detected in Michigan. However, slight but significant trends in site occupancy, annual
call index values, frequency and abundance that emerged from statistical analyses for
Rana sylvatica, Rana palustris, Rana catesbeiana, Pseudacris crucifer, Bufo americanus,
Hyla versicolor/chrysoscelis, and Rana clamitans need to be monitored closely, and if
they continue, should be evaluated to determine potential influential or causal factors.
Several species were poorly detected by call surveys in southern Michigan, and these
species warrant additional attention at specific sites to determine if populations are stable
or declining.

Anurans are dependent on wetlands for breeding, and many species require
wetlands for their entire life cycle. Unfortunately, wetlands are also among the most
endangered ecosystems in the world. Wetland habitats in the midwestern United States
have suffered losses in excess of 75% for areas dominated by agricultural, industrial, and
urbanized activity (Detenbeck et al. 1999). The landscape of southern lower Michigan is
characterized by agriculture and urban development, and this region has experienced the
greatest loss of wetlands in the state since the 1800’s (Comer 1996). Conservation of
Michigan’s anurans will require conservation of their wetland habitats. Most wetland
losses occurred from the late 1800’s and early 1900’s (Comer 1996). Thus, current
surveys document status in remaining wetlands and highlight the need to protect and
manage these ecosystems.

The MFTS collects valuable information concerning abundance and distribution

of native frogs and toads. The value of this dataset increases as annual data are
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accumulated, providing a long-term record of species presence and abundance. Given
reports of widespread declines worldwide and for some species in the Great Lakes region,
these data provide evidence that Michigan frog and toad populations are relatively stable
at present and also provide a baseline for determining species status and protecting
species from future losses. The results are a conservative estimate of species trends;
given the relatively low resolution of calling index data and the fact that species
undetected by call surveys may not necessarily be absent from a site. The MFTS should
continue to monitor frogs and toads indefinitely, as the overall population trajectory

needs to be distinguished from the short-term fluctuations.
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Table 1.1

Wetland categories assigned by volunteers to MFTS survey sites. Descriptions of
wetland types are from Sargent (2000).

Wetland Type

Description

Vemal Pond

Vernal ponds are small bodies of standing water that form in the spring
from meltwater and are often dry by mid-summer or may even be dry
before the end of the spring growing season. Many vernal ponds occur in
depressions in agricultural areas, but may also be found in woodlots.
Wetland vegetation may become established but are usually dominated by
annuals.

Wet Meadow

Wet meadows usually look much like a fallow field except that they are
dominated by water-loving grasses and sedges. They will contain nearly
100% vegetative cover with very little or no open water. Any surface
water present is temporary or seasonal and only during the growing season
in the spring. Wet meadows often form a transition zone between aquatic
communities and uplands with soils that are often saturated and mucky.

Bog or Fen

Bogs are found on saturated, acid peat soils that are low in nutrients. They
support low shrubs, herbs and a few tree species on a mat of sphagnum
moss. Some bogs are totally overgrown and some consist of open water
surrounded by floating vegetation. Acid-tolerant plants found in and
around bogs include woody plants such as labrador tea, poison sumac,
tamarack, and black spruce. Many species of orchids prefcr bog habitats,
as do insect-eating sundews and pitcher plants. Bogs are usually only
found in the northern part of Michigan. Fens are similar to bogs except that
the soils are more alkaline because they result from water passing through
calcareous deposits. Fens have a higher plant diversity than bogs due to
higher nutrient levels. Fens can be found in the southern part of Michigan.

Marsh

Marshes have standing water from less than an inch up to 3 feet deep. The
amount of water can fluctuate seasonally or from year to year. They are
dominated by soft-stemmed emergent plants such as cattails and rushes.
Vegetative cover is usually around 50%. In Michigan, marshes can be
found at the edge of some rivers and lakes, in lowlands and depressions,
and in swales between sand dunes.

Wooded
Swamp

Wooded swamps are aptly named because they are dominated by woody
plants such as shrubs and/or trees. The soil is saturated throughout the
growing season. Some may become dry during the summer months. In
Michigan, trees and shrubs found in wooded swamps include red and
silver maple, cedar, balsam, willow, alder, black ash, elm and dogwood.
They often occur along streams or on floodplains, in flat uplands or
shallow lake basins.

Pond

Ponds are open bodies of water that are less than 20 acres in size and that
do not dry up during summer months. There is little emergent vegetation
but some floating vegetation may occur around the edges.
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Table 1.2

Number of sites of each wetland type for which volunteers submitted complete data to the
MFTS. Wetland types and years not satisfying the assumptions of normality are
indicated with an asterisk (*).

Wetland Type 1996 1997 1998 1999 2000 2001 2002
'Vernal Pond 165 111 142 150 123 134 73
'Wet Meadow 110 80 106 91 71 68 42
Bog or Fen 34 14* 25 26* 18 15* 10*
arsh 457 280 384 385 293 275 135
'Wooded Swamp| 388 285 355 327 265 258 127
Pond 434 296 363 370 267 270 138
Total 1588 1066 1375 1349 1037 1020 525
Table 1.3

Summary of parametric ANOV As and nonparametric Kruskal-Wallis tests evaluating
differences in species richness among wetland types each year, 1996 — 2002. Sample
sizes are listed in the bottom row of Table 1.2, and all tests had 6 degrees of freedom.

ANOVA | ANOVA | K-W K-W
Year | Fratio | P value H P value
1996 | 1.763 0.103 11.45510.075
1997 | 1.599 0.144 8.312 |0.216
1998 | 2.888 0.008 14.705 | 0.023
1999 | 5.203 <0.001 32.836 | <0.001
2000 | 1.896 0.079 12.107 | 0.060
2001 | 0.562 0.760 2.651 | 0.851
2002 | 2.711 0.013 15.704 | 0.015
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Table 1.4

Results of simple linear regressions of the mean number of species present in each
wetland type over the time period 1996-2002.

Wetland Type R’ | Pvalue
Vemal pond 0.001 0.446
Wet meadow 0.001 0.552
Bog/fen 0.003 0.520
Marsh <0.001 | 0.783
Wooded swamp 0.002 0.073
Pond <0.001 | 0.670
Table 1.5

Proportion of all sites surveyed by each species, 1996-2002. The total number of sites for
each species includes only those sites within the species range. Sample size (i.e., number
of sites where present) for each species is given in parentheses in each year column.

Species 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002

Bufo fowleri 0.031 [ 0029 | 0.029 [ 0012 | 0.035 | 0.021 | 0.018
Ge) { (19 | @y | (10 | @25) @) G)_ ]

Rana sylvatica 0335 | 0256 | 0.260 | 0318 | 0.226 | 0.356 | 0.408

(564) (289) (381) (457) (248) (384) (226)
Pseudacris triseriata | 0.486 0.505 0.489 0.485 0.488 0.524 0.538
(817) (571) (716) (697) (536) | (565) (298
Pseudacris crucifer 0.834 0.851 0.822 0.790 0.799 0.871 0.892
(1402) | (962) | (1203) | (1136) | (874) | (939) (494)

Rana pipiens 0.170 | 0.138 | 0.156 | 0.146 | 0.113 | 0.126 | 0.152
(286) | (156) | (229) | (210) | (124) | (136) (84)
Rana palustris 0.021 | 0.013 | 0.014 | 0.014 | 0.012 | 0.003 | 0.009
@5 | (a5 [ 0 20 | 3) 3) G)
Bufo americanus 0.420 | 0.407 | 0347 | 0344 | 0374 | 0.366 | 0.421
(706) | (460) | (508) | (494) | (411) | (395) | (233)
Hyla versicolor/ 0.752 | 0.763 | 0.693 | 0.707 | 0.676 | 0.788 | 0.800
ichrysocelis (1265) | (863) | (1014) | (1017) | (742) | (849) | (443)
Acris crepitans 0.023 | 0.032 | 0.026 | 0.006 | 0.003 | 0.013 | 0.018
blanchardi (38) (36) (38) 9) 3) (14) (10)
Rana clamitans 0.573 | 0.637 | 0.617 | 0.577 | 0.542 | 0.662 | 0.675

(963) (720) (903) (830) (595) (714) (374)
Rana catesbeiana 0.141 0.154 0.152 0.163 0.173 0.158 0.202
(238) (174) (223) (235) (190) (170) (112)
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Table 1.6

Results of simple linear regressions for proportion of sites within ranges occupied by
each species during the period 1996 — 2002. N = 7 for each species, representing each
year of the survey since 1996.

Species r | Pvalue
Bufo fowleri 0.204 | 0.309
Rana sylvatica 0.199 | 0.315
Pseudacris triseriata 0.497 | 0.077
Pseudacris crucifer 0.186 | 0.366
Rana pipiens 0.235| 0.270
Rana palustris 0.592 | 0.043
Bufo americanus 0.014] 0.802
Hyla versicolor/chrysoscelis | 0.088 | 0.518
Acris crepitans blanchardi | 0.236 | 0.269
Rana clamitans 0.200{ 0.314
Rana catesbeiana 0.691 | 0.021
Table 1.7

Results of simple linear regressions evaluating trends in mean call index values for each
species during the period 1996-2002. N = 7 for each species, representing each year of
the survey since 1996.

Species ¥ | Pvalue
Bufo fowleri 0.10 | 0.277
Rana sylvatica 0.10 | <0.001
Pseudacris triseriata 0.01 |0.194
Pseudacris crucifer 0.01 ]0.010
Rana pipiens 0.01 |0.359
Rana palustris 0.02 | 0.665
Bufo americanus 0.04 | <0.001
Hyla versicolor/chrysocelis | 0.01 | 0.002
Acris crepitans blanchardi | 0.17 | 0.119
Rana clamitans 0.02 | 0.004
Rana catesbeiana 0.01 ]0.257
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Table 1.8

Correlations between cumulative precipitation during anuran breeding season (Feb-Jul)
or cumulative winter (Nov — Mar) precipitation (rain and snowfall) and either proportion
of sites within range occupied or mean annual call index values (1996-2002). Values are
Spearman rank correlation coefficients (rs; *p < 0.05, **p < 0.01).

Cumulative Breeding | Cumulative Winter

Season Precip. Season Precip.

Species Prop. Call Prop Call
occupied index occupied index
Bufo fowleri 0.270 0.179 -0.306 -0.536
Rana sylvatica -0.607 -0.143 0.036 0.321
Pseudacris triseriata -0.286 -0.450 0.536 0.090
Pseudacris crucifer -0.357 -0.536 0.429 0.071
Rana pipiens -0.786* -0.964** 0.071 0.214
Rana palustris -0.180 -0.487 -0.162 0.252
Bufo americanus -0.107 0.643 -0.107 -0.571
Hyla versicolor/chrysoscelis -0.286 -0.107 0.393 -0.036
Acris crepitans blanchardi -0.429 0.714' 0.750' -0.536
Rana clamitans -0.429 -0.500 0.679 0.643
Rana catesbeiana 0.286 -0.214 -0.286 0.643

P<0.10
Table 1.9

Correlations between annual total snowfall prior to the anuran breeding season (Nov —
Mar) and each species’ route variables. Values are Spearman rank correlation
coefficients (rs; *p<0.0S, **p<0.01). Sample size for each pairwise comparison is listed
in parentheses following the species name.

Species Route Route Index Adj. Route
Frequency Index
Bufo fowleri (236) 0.090 0.092 0.092
Rana sylvatica (459) 0.025 0.031 0.037
Pseudacris triseriata (459) -0.050 -0.032 -0.021
Pseudacris crucifer (459) 0.267** 0.257** 0.227**
Rana pipiens (459) 0.000 0.002 0.003
Rana palustris (459) -0.043 -0.043 -0.043
Bufo americanus (459) -0.021 -0.010 -0.002
Hyla versicolor/chrysoscelis (459) 0.092* 0.077 0.069
Acris crepitans blanchardi (459) 0.123** 0.127** 0.129**
Rana clamitans (459) 0.139** 0.173** 0.172**
Rana catesbeiana (459) 0.183** 0.196** 0.198**
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Table 1.10

Correlations between cumulative monthly precipitation prior to and during breeding
period and each species’ route variables. Values are Spearman rank correlation
coefficients (rs; *p<0.05, **p<0.01). Sample size for each pairwise comparison is the
same for a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>